The pharmacological effects of indolic alkaloid compounds are well known and have been extensively studied. 1 Rescinamine, together with other alkaloids of the reserpine family, has important tranquilizer, sedative and anti-hypertensive actions. Despite these beneficial effects, non-desirable collateral effects due to continuous use of these compounds may arise; therefore, a method allowing the monitoring of low concentrations of these indolic alkaloids is desirable.
Optical and electrochemical-based analytical methods have been employed for the determination of indolic alkaloids. However, few of them were developed exclusively for rescinamine.
Spectrophotometric methods [2] [3] [4] [5] employed are commonly based on the formation of charge transfer complexes between the indolic alkaloid and electron acceptors in order to obtain species with improved absorptivity coefficients. In general, limits of detection are in the order of µg g -1 and poor selectivity is observed in complex samples and in the presence of other indolic alkaloids. Better limits of detection (in the order of ng g -1 ) and selectivity are achieved when fluorometric methods are employed. [6] [7] [8] [9] [10] [11] Photochemical oxidation of the indolic alkaloid is commonly employed in order to obtain a photodegradation product with higher fluorescent quantum efficiency. Sensitive electrochemical-based methods have been developed for the determination of indolic alkaloids. [12] [13] [14] [15] Among them, a sensitive voltammetric method using lipid-modified electrodes, in special, has shown good potential for the selective determination of reserpine and rescinamine, since they have different pulse voltammogram characteristics. 13 The potential of the phosphorimetry, either at 77 K or at room temperature, for the determination of indolic alkaloids has been demonstrated. 16, 17 More recently, chromatographic paper treated for background reduction has been employed for the determination of reserpine and yohimbine by solid surface room temperature phosphorimetry (SSRTP). 18, 19 The pH of the analyte solutions as well as the presence of heavy atoms has strong effects on the RTP characteristics of these indolic alkaloids on paper support. These effects can be used not only to enhance the sensitivity of these determinations but also to allow the selective determination of a specific indolic alkaloid in mixtures containing other alkaloids.
In the present work, a sensitive method for the determination of rescinamine based on SSRTP is presented and tested on laboratory prepared tablets with different compositions.
Experimental

Instrumentation
The studies of the RTP characteristics and quantitative determinations were made on an Aminco Bowman spectrofluorometer (SLM Instruments, Urbana, IL, USA). This instrument was equipped with a 150 W xenon arc lamp (Conrad-Hanovia) as the excitation source and with two 600 groves/mm diffraction gratings. The signal was detected in a 1P21 photomultiplier tube (Hamamatsu Corp., Middlesex, NJ, USA), and then amplified by an SLM Aminco microphotometer. All phosphorescent spectra were plotted by a Hewlett-Packard X-Y recorder (Model 7010 B, Palo Alto, CA). A rotating can-type phosphoroscope (Aminco-Keirs) was employed to collect the RTP signals without interference of scattering and/or any possible fluorescent signals. A laboratory sample holder was used to place the samples for measurements.
Photochemical treatment of rescinamine samples and for paper background reduction were carried out in a Rayonet photochemical reactor loaded with seven lamps with maximum emission wavelengths (λmax) at 300 nm and 250 nm.
Reagents
Chromatographic paper (Whatman No. 1) treated in the laboratory for reduction of background was employed as a sample substrate. Deionized water was used throughout this work. Nitrogen gas (White-Martins, Brazil) used to bathe the samples in the holder, was dried in a silica gel bed. All reagents were analytical grade and were employed without further purification. Acetone, mercuric chloride (HgCl2), and ascorbic acid were purchased from Merck (Brazil An analytical method based on solid surface room temperature phosphorescence (SSRTP) for the determination of rescinamine was developed. Signal enhancements were obtained by heavy atom effect, use of surfactant agent and use of basic medium. Alternatively, an ultraviolet treatment of the analyte was tried in order to induce a phosphor with higher phosphorescence quantum efficiency. A limit of detection of 2.70 ng and linear dynamic range of 2 orders of magnitude were achieved in paper substrate treated for background reduction. A study was performed to verify potential interferences of several pharmacological active ingredients that could be associated with rescinamine in a pharmaceutical preparation. The method was tested by analyzing rescinamine in three different laboratory-made tablets. provided by Sigma (USA). Potassium iodide (KI), lead(II) nitrate and sodium dodecil sulfate were purchased from BDH. Thallium nitrate (TlNO3) was from Fluka. 1-α-Methyl testosterone, caffeine, furosemide and hydrochlorothiazide were from Aldrich while tocopherol acetate was from Roche ® .
Procedures
Paper substrate background reduction. The paper substrate background reduction procedure is described in the literature. 22 The treatment consisted of two steps. First, cellulose paper strips were washed out with water in a Soxhlet apparatus for 8 h. Second, the strips were placed in the ultraviolet reactor and irradiated for 8 h more. Preparation of the solutions. Acetone-water (30:70, v/v) was employed to prepare rescinamine solutions. The pH of the analyte solutions was varied by replacing the water for basic and acid aqueous solutions prepared with NaOH and HCl. Deionized water was used to prepare all heavy atom salts and dodecil sulfate solutions. Preparation of tablets. Laboratory made tablets were prepared by mixing 0.05 g of rescinamine with 5 g of excipient material (analytical grade starch). For tablets containing concomitant active agents, 0.05 g of each of these agents were added to the mixture. The active agents and starch were mixed in a mechanical shaker for 1 h. For each different mixture, six 0.5-g-portions of the powder were pressed in a pellet press. Each tablet contained an equivalent of 50 mg of rescinamine. Sample preparation. The analysis of laboratory-made tablets was performed by mixing three previously weighed tablets. The tablets were pulverized in a mortar with a pestle. The resultant powder was washed with an acetone-water (30:70, v/v) mixture to dissolve the rescinamine and the solution was vacuum filtered. The filtered solution was then diluted and submitted to pH adjustment with NaOH. RTP measurements. Five microliters of analyte solutions were deposited on the paper substrate, using a microliter pipette. In some cases, the substrate was previously spotted with 5 µL of a heavy atom solutions or/and with 5 µL of surfactant followed by heavy atom solution. Then, the substrates with samples were dried at room temperature in a vacuum oven for approximately 1 h. A desiccator containing silica was used to hold the samples until right before the RTP measurements. The desiccator was covered with aluminum foil in order to avoid possible effects from the ambient light. Five minutes prior to and during the phosphorescence measurement, a dry nitrogen flow was passed through the substrate surface to minimize quenching effects from oxygen and air moisture. The nitrogen was dried using a silica gel bed coupled in the N2 line that fed the sample support.
Results and Discussion
Solid surface room temperature phosphorimetry has proven itself to be a sensitive technique for trace analysis of organic compounds of medical and environmental interest. The use of low background substrates such as the treated chromatographic paper has improved even more the detection limits achieved by SSRTP. This fact can be illustrated by limits of detection down to the subnanogram range obtained for some indolic alkaloids 18, 19 and indole derivatives. 23, 24 Because of a larger spectral separation between the excitation and emission bands and the flexibility of choice of both the pH of the analyte solutions and heavy atom enhancers, this technique has enormous potential for selective determinations of analytes of similar structure without previous separation procedures and using simple luminescence apparatus. Selectivity and sensitivity can also be improved by the modification of the luminescence characteristics of substances by treatment with ultraviolet (UV) radiation. This procedure has been used to develop analytical methods based on fluorescence 25 and low temperature phosphorescence. 26 UV treatment is employed to induce the formation of derivative species with different luminescence characteristics (spectral characteristics, signal intensity, lifetime et al.) from the original analyte molecule. These new luminophores are the result of photochemical reactions such as oxidation, reduction, ionization, photolysis and hydrolysis. 25 In terms of signal intensity, species with higher luminescent quantum yield can be generated, enabling improvements in limits of detection in comparison with the original analyte molecule. In terms of spectral characteristics, selectivity can be greatly improved by blue or red shifts in both the excitation and the emission bands of species components in a mixture. These band shifts can also improve sensitivity when solid surface luminescence techniques are employed, since they can be shifted to regions where the background signal of the solid support is orders of magnitude lower.
RTP characteristics of rescinamine
In this section, RTP characteristics of rescinamine, in low background chromatographic paper and at different pH's, and the effects of several heavy atom ions on the RTP signals are presented. Results for rescinamine submitted to UV treatment are also displayed. pH studies. Table 1 shows λex and λem values as well as the signal-to-blank ratio (Ia/Ib) of the phosphorescent signal for rescinamine as a function of pH. The solvent of choice was acetone-water 70:30, v/v since it was found to be more appropriate for reserpine-like alkaloids such as rescinamine. 18 The change of pH was performed by adjusting 1 M final concentration of NaOH (basic analyte solution) and HCl (acid analyte solution). The most significant RTP signal was only observed in basic medium for both non-irradiated and irradiated rescinamine solutions (Table 1) . For non-irradiated basic solution, Ia/Ib was around 4, while for irradiated solution, two pair of excitation and emission peaks, with Ia/Ib values of 7.6 and 9.4, were found. In terms of signal magnitude, the most significant improvement was found for Pb 2+ , where a 1.7-times signal improvement, in comparison with the result without HAE, was achieved. For the other HAE's, little or no signal improvement was found. Shifts in λex and λem phosphorescence bands were observed.
Influence of heavy atom enhancers (HAE).
Maximization of the rescinamine RTP signal
In terms of signal magnitude, the two most promising results in the analytical point of view were the ones obtained in basic pH in the presence of I -and the UV-treated solution in the presence of Pb
2+
.
In this section we describe several optimizations performed to maximize those RTP signals. First, for the UV-treated solution, an exposition time study was performed. No significant improvement is achieved with irradiation exposition times longer than 60 min. The influence of the surfactant agent sodium dodecil sulfate (SDS) on the substrate was also studied. SDS is known to improve the interaction between the analyte and heavy atom enhancers, with consequent enhancement of RTP signal intensity. Several SDS concentrations deposited on the substrate were tested. The SDS concentration optimization is important since lower concentrations of SDS could not properly impede the migration of phosphors into the cellulose paper, nor could they create conditions of a better approximation between the phosphor and the heavy atom enhancer. 27 On the other hand, if SDS is present in excess on the matrix, a filter effect may arise, which could block part of the phosphors from the excitation radiation. Results can be seen in Fig. 1 . For rescinamine in the presence of I -, the optimum concentration of SDS was found to be 0.02 M, while for UV-treated solutions in the presence of Pb 2+ , no advantage in signal intensity is gained from the use of SDS.
Finally, the concentration of the HAE solution deposited in the matrix was optimized. At lower concentrations, the chance of an HAE to be in contact with a phosphor and cause a positive effect in RTP signal decreases. On the other hand, at higher concentrations of HAE in the matrix, a filter effect may arise. 
Analytical figures of merit of rescinamine using SSRTP
Under optimized experimental conditions, we found that, in terms of signal magnitude, the best result was achieved with rescinamine in the presence of KI and SDS. In this case, Ia/Ib was around 28, which was more attractive from the analytical point of view than the Ia/Ib value of 16 observed for UV-treated rescinamine solution in the presence of Pb 2+ . Analytical figures of merit (AFOM) for rescinamine in the presence of KI and SDS were obtained (Table 3) . Calibration curves were constructed, where each of the phosphorescent intensities plotted was an average of six replicates. The linear part of the calibration curve had a linear dynamic range (LDR) estimated by dividing the upper concentration of the linear part of the calibration curve by the limit of detection (LOD). The linear range extended over two orders of magnitude. The slope of the log-log plot was close to one, showing a linear relation between the phosphorescent signal and the concentration of the analyte. The correlation coefficient of the calibration curve was also close to unity, indicating the satisfactory precision of measurements. The absolute limits of detection (ALOD) were estimated using the equation CL = ksb/m, where sb is the standard deviation of 16 blank measurements, m is the slope of the calibration curve and k, the confidence constant value used, was 3. For sample volumes of 5 µL, the absolute limit of detection of 2.70 ng was obtained.
Study of potential interferences
The influence of other compounds that could be potentially used as complementary or associated active principles in rescinamine-based pharmaceutical formulations were tested in order to verify potential interferences. Among the chosen compounds, 1-α-methyl testosterone, tochopherol acetate, ascorbic acid, furosemide and hidrochlorothiazide did not show any phosphorescence signal under the experimental conditions 867 ANALYTICAL SCIENCES JULY 2001, VOL. 17 optimized for rescinamine. In addition, by measuring RTP signals of rescinamine in mixtures containing equimolar or ten times more concentrated amounts of each of these concomitant substances, no significant differences were observed when comparing those results with signals from a pure rescinamine standard of the same concentration. For caffeine, a strong RTP signal was observed using the experimental conditions for rescinamine. The caffeine bands have λex and λem at 275 and 440 nm, respectively. Although these maxima were not the same as those of the rescinamine, the breadths of the emission and excitation bands were sufficient to cause interference in the rescinamine recovery even for the equimolar mixture.
Determination of rescinamine in laboratory-made tablets
Since pharmaceutical formulations containing rescinamine were not available to us, we tested the SSRTP method by analyzing three laboratory-made tablets. Three different tablet compositions were tested. The first contained starch and rescinamine as the active ingredient. In the second tablet, furosemide and hydrochlorothiazide were mixed with rescinamine and starch. Finally, the third tablet contained starch, rescinamine, ascorbic acid and 1-α-methyl testosterone. The recoveries achieved using the calibration curve method varied between 91.3 ± 7% and 105.1 ± 6%. These results can be considered satisfactory, taking into consideration the tablet preparation procedure employed.
Conclusions
A new SSRTP based method for sensitive analysis of pharmaceutical formulations containing rescinamine was developed. Strong RTP signals were obtained in basic medium in the presence of KI and surfactant agent. These optimized experimental conditions allowed good limits of detection and satisfactory dynamic linear range to be achieved. Three different laboratory-made rescinamine tablets were successfully analyzed by the method with recovery ranges within those recommended by the United States Pharmacopoeia analysis guidelines. 28 Although no real rescinamine formulation was analyzed, this work demonstrated the potential analytical use. 
